There is an increasing need for experimenters to have a more exact value for the kinetic energy of the particles used in their experiments. Values for kinetic energy can be calculated within about two percent for particles in the Bevalac using nominal values for the magnetic field and the radial position of the circulating beam.
I. Summary
There is an increasing need for experimenters to have a more exact value for the kinetic energy of the particles used in their experiments. Values for kinetic energy can be calculated within about two percent for particles in the Bevalac using nominal values for the magnetic field and the radial position of the circulating beam.
In the Bevalac there are several problems that make it very difficult to determine a more precise value for magnetic field. The radial field shape enclosed within the B dot integrating loop on the poletips changes as a function of field strength. The effective magnetic quadrant length also changes as a function of field strength. This causes a major perturbation in the radial position of the equilibrium orbit as well as some uncertainty in the value of the magnetic field. The details of these effects are discussed in an internal report.1
In addition to the magnetic field value, we must have adequate information about the radial position of the closed orbit to determine a precise value for the kinetic energy. If we have sufficient information about the closed orbit, we have a known effective path length for the particle. If we can measure the transit time of the particle on that path we have a time-of-flight measurement. In a circular machine, this time measurement is a frequency measurement which is one of the most precise measurements we can make. A Hewlett Packard 5360A frequency counter can read to 1 part in 106 for a 0.1 msec read time.
This can be extended to 1 part in 1010 for longer read time. With time measured to this precision, the error in the kinetic energy is then determined by the error in the determination of the closed orbit. At a kinetic energy of 500 MeV/amu, we can determine the energy to ± If the closed orbit is known at many points around the accelerator then the problem is straight forward. In a machine such as the Bevatron we only have access for orbit measurements ninety degrees apart at the four straight sections. We must therefore determine from a limited number of measurements how well we know the closed orbit.
Any closed orbit can be described by Fourier analysis in the form:
That is, the closed orbit can be represented by a fixed radial position Ro plus a series of sinusoidal oscillations that are all an integral multiple of 2w once around the accelerator.
Let us now examine the path length of a sinusoidal oscillation around a uniform orbit Ro for one cycle of oscillation. We know the value for Ro to within the error of the amplitude of the 4th, 8th harmonics for four azimuthally equidistant measurements of radial position. The question now is, can we put an upper limit on the amplitude of these fourth harmonic oscillations without knowing the exact closed orbit?
An upper limit can be calculated for the case of a systematic perturbation in the field value of each sector. The coefficients for the jth harmonic are derived by substituting Eq. 1 into the second order differential equation for radial betatron oscillations.
where: k = 1 + 4L/2w RO; L is the length of the straight sections; Ro is the radius of the curved section; Aj is the shift in equilibrium orbit position in the jth sector, corresponding to a change in the magnetic field in the jth sector from the nominal value.
The integral is over both the curved and straight sections. As we are interested in the approximate value of a fourth-harmonic distortion, we can ignore the slight change in form by integrating over the straight section. The major correction to the amplitude from the straight section is included in the k term.
Set Ai equal to Ao in each sector with a sign change to always be additive for the sin e term. Therefore, the cosine term sums to zero and we have: These three values are recorded for ten Bevatron pulses. The radius of the finger target is changed and another set of data points is taken. A series of these runs is taken at each of the four probe positions. These measurements give the relative orbit positions around the Bevatron. A similar run is made with a U target at the east straight section to give an absolute radial measurement. These are shown in Fig. 1 .
The relative radial position for a fixed value of ratio can be read from these plots to * (Fig. 1) . The radius is measured in the field free region of the straight sections so a radial correction must be made for the orbit drifting outward when passing through the fringe field at the end of the sectors (see Fig. 3 ). 
where DL is the extra length of effective magnetic field at each end of the quadrant. The maximum value at the Bevatron is 7.5"/2 = 3.75". For an uncertainty of a factor of 2 in this value, Ap/p = -3.51 x 10-4 x 3.75/2) = 6.58 x 10-4. The velocity a is then calculated from Eq. 8: 
